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17
A resource is anything that contributes to the completion of project tasks, and it includes the 18 project manager, skilled labourers, and equipment such as plant and fleet. Resources are major 19 contributors to project success because each project task must have sufficient and adequate 20 resources allocated for the activity to finish to time and within budget (Nigaragu, 2012). The 21 construction industry is riddled with problems such as increase in labour prices, shortage of 22 skilled labour and stagnant productivity (Leeds, 2016) . Besides, Fletcher (2017) 
argues that 23
Brexit threatens the flux of skilled labour into the UK which adds pressure onto the already 24 constrained labour market. These problems impact project performance by causing time delays, 25 cost overrun and profit margin erosion. Additionally, Banaitiene and Banaitis (2012) reported 26 that in recent years, project-based companies have found it more challenging to achieve the 27 estimated profit margins on projects which are the core source of provision of cash flow. 28
Consequently, these organisations do not have the cash flexibility to invest in huge, expensive 29 digital innovations to solve the causes of margin erosion (Leeds, 2016) . However, a solution to 30 manage the limited resource effectively and efficiently is unavoidable.
There are two parts to resource management; resource allocation and resource levelling 33 (Nagaraju et al., 2012) . Resource allocation is concerned with the supply of the demanded 34 resource while resource levelling is concerned with reducing the fluctuations in peaks and 35 troughs in a resource profile and how to minimise scenarios of under and over allocations. Both 36 scenarios would have to consider the skillsets needed, the availability and the workload of the 37 resources (Bautista-Arredondo et al. 2008 ). Resource allocation to a project is dependent on 38 the nature of the project and some key attributes. Firstly, it is essential that the complexity of 39 the project is understood and a robust methodology is developed for appropriate delivery. Then, 40 a detailed project plan/schedule is developed outlining all the activities singularly with the 41 duration each activity should take. Following the successful execution of these steps, a resource 42 schedule is created that lists the details of the required resource per activity. Subsequently, the 43 productivity of each resource type is used to calculate the quantities of human resource and 44 equipment needed to safely deliver a project to the required standard. These schedules are then 45 used to prepare an estimate that is sent to the client and serve as baseline data for allocating 46 resource during the delivery phase (Nagaragu 2012). 47
48
Resource data is a fraction of the huge amount of data produced across a project's lifecycle 49 which is from project development (estimate/tendering) to project delivery. In addition to 50 historical data, there is an increase in the generation of real-time data with the adoption of 51 emerging technologies such as Internet of Things (IoT) sensors, Building Information 52
Modelling (BIM), blockchain and laser scanning (Mukherjee and Shaw, 2016) within the 53 construction industry. The optimal solution to the challenges facing resource management 54 would be a tool that can analyse relevant real-time and offline data from different domains. 55
The tool must consider some key factors such as the skillsets needed, the resource available 56 and resource workload (Bautista-Arredondo et al., 2008). Therefore, efficient resource 57 management requires the ability to produce insight from large amount of data. The credibility 58 of the insight is dependent on the reliability of the data that underpins it. Fortunately, there is 59 an improved level of data assurance during construction processes through the introduction of 60
proper naming conventions and guides to the management of data maturity with the 61 introduction of BIM (Bryde et al., 2013) .efficient through accurate time, cost and resource scheduling. However, a major limitation ofwith overlapping resources to know how resources correlate with each other and to show how 96 resource might be in demand or waste (Biafore, 2013) . Also, these tools do not have the 97 potential to provide real-time updates on project progress. Therefore, live updates of 98 information about resources are through manual input which leads to time wastage and subjects 99 the process to error. Another limitation is that these tools do not use historical data from 100 previous projects to optimise the delivery of projects and to proactively solve problems. 101
A common practice in the industry is the use of Microsoft Excel to keep track of all resource 102 type, quantities, and current allocations. It is easier to see the resource demand per project and 103 initial allocations for each demand. By using functions within excel, it is also possible to see 104 the overall resource available at a given time. However, to enable these functionalities within 105 excel, summarised versions of the original timeline are manually created within excel or the 106 project plans are copied from Microsoft Project or Primavera into excel. The lack of integration 107 between these systems mean that to get live resource information resource managers have an 108 added task of updating the Excel version as well as other versions when a project schedule 109 changes; which is often not done. Therefore, resource levelling analysis cannot be done with 110 high accuracy and with minimal manual intervention. Besides, the manual admin works are at 111 a cost to the company. 112
Optimising resource management has been trialled with different techniques such as integer 113 programming (Easa, 1989) , branch and bound, dynamic programming, genetic algorithm 114 (Hegazy, 1999) The discussion during the FGIs was informal, and an open conversation style was adopted. The 153 FG discussion were based on an interventionist approach which meant using five carefully 154 selected power transmission and distribution projects to guide the focus of the groups. It is alsostudy projects. A summary of the five case studies is shown in Table 2 . 157 
Data analysis and findings
161
Data analysis in a descriptive interpretive research requires a structured method, which 162 involves a textual and structural description of participants' experiences (Creswell, 2013) . 163
According to Moustakas (1994) , descriptive interpretive research follows six steps, which are: 164 (i) description of researcher's personal experience with phenomenon, (ii) transcription of voice 165 data to written statements and identification of quotations that explain participants' 166 experiences, (iii) identification of units of meaning using thematic analysis and grouping 167 significant statements into themes, (iv) textual description of participants' experiences with 168 verbatim quotations, (v) structural description of the setting and context in which phenomenon 169 was experienced, and (vi) composite description that contains the textual and structural 170 descriptions. 171
Thematic analysis of the FGI transcript was done using an appropriate coding scheme. The 172 schemes identify units of meaning from the transcript and classify them into themes. Four tags 173
were used for the coding of the transcript quotations, which are discipline, context, keywords, 174 and theme category. Discipline tag represents the job role of the participant that provided the 175 quotation. Context tag represents the circumstance that informs a quotation, which are: (i)(iii) "build-up" for a contribution to an ongoing discussion; and (iv) "moderator" for a control 178 segment provided by the moderator. Keyword tag provides a summary of the main issue raised 179 in the quotation. The theme category tag shows the principal theme under which the quotation 180 falls. Adopting this coding scheme helps to isolate prevalent issues and recurring themes across 181 the FGI transcript. Example of how the coding scheme was used during thematic analysis is 182 shown in Table 3 . The keyword segment of the quotation is underlined. 183
The data analysis reveals seven key challenges to resource management which are: (1) poor 184 understanding of project complexity at the tender stage, (2) incomplete survey of the project 185 site, (3) little visibility of resource profile at the tender stage, (4) changes to project schedule, 186 (5) running multiple projects in parallel, (6) shortage of specialised resources, and (7) poor 187 management of client specific authorisations and certifications. 188 189 time. There is currently no system that supports estimators in the decision-making about 263 resources that will be available at a given time. Often the resource needed is known, but there 264 is no guarantee that they will be available during project delivery. Surprisingly, this is common 265 knowledge in the construction industry due to the unpredictable nature of projects. information about all resources employable on a project and all projects in the pipeline. 275
Emerging technologies such as big data analytics should be utilised to draw insights from such 276 extensive data. As such, upon a resource request, details of matched resources are listed along 277 with their current commitments, relevant information like distance to work site and their 278 availability. For this process to be successful, it demands that these details are updated by all 279 projects as they progress. This approach will enable the proper optimisation of resources. 280
Changes to project schedule
283
Project schedules usually contain key activities, start dates, end date, and dependencies. Many 284 requirements are then calculated using these schedule parameters. However, these task end date 285 may change due to internal factors such as client descoping or increasing the scope. The project 286 schedule may also change due to external factors such as weather and bird nesting season. 287
These changes have a direct effect on the resource demand and hence on resource allocation 288 and levelling. The changes will also impact on other ongoing projects (Belassi 1996) . A 289 resource manager from FGI2 says: 290 "We could not start work on the project because we were waiting for the 291 planned resource to arrive. They had not arrived due they were delayed on a 292 previous project that could not be completed to time". 293 Therefore, it is essential to monitor changes to project plan dates using software such as 294 Primavera or Microsoft projects. However, a robust system must also be developed to track 295 these changes and perform impact analysis on resource demands across other tasks and 296 projects. Achieving good resource analysis will allow resources to be efficiently used on 297 projects. For example, it will support decisions about when plant equipment must be hired or 298 off-hired to minimise costs. 299 300
Running multiple projects in parallel 301
Most medium-sized or all large-sized construction companies run more than one project at the 302 same time. In this case, resource availability is dependent on other projects being delivered to 303 their project plan like achieving project completion at the indicated. The lack of transparency 304 between projects about their activities and milestone dates tend to create a low supply-to-305 demand ratio in terms of the number of resource available against the number of 306 projects/activities/tasks to be completed. The result of such practice is that resources allocated 307 to projects, such as the project managers arrive late and thereby have less time to get acquainted 308 with the projects. A project manager from FGI1 recalls that: 309
"I had three days between operational completion of a project and mobilising 310
another project" 311 above 500,000 sale value), the client (e.g. best clients), the innovative capacity of the project.. 314
After this prioritisation is applied, projects that are deemed more important are allocated the 315 best resource in terms of skills and quantity (Patanakul & Milosevic 2008 and Jaselskis & 316 Ashley 1991). As suggested during the FGIs, a way of addressing this challenge is to adopt a 317 project management system that can establish links amongst multiple projects and their 318 resource demands. As such, the system provides a platform that will enable impact analysis of 319 how changes of resources on one project affect the other projects. Another approach could be 320 to separate strong resources and weak resources using performance criteria such as delivering 321 to time, delivering to budget, zero health and safety issues (Belassi and Tukel 1996) . This 322 exercise will help to pair up resources and to encourage a learning environment 323 and are not renewed; thus, leading to resources being rejected (Belassi and Tukel, 1996 interfaces. This study, therefore, identifies challenges facing resource management in the UK 375 construction industry and proposes solutions to them. Based on a qualitative research 376 methodology, fourteen (14) experts were drawn from the UK construction industry and equally 377 divided into two focus groups to discuss resource management using five case study projects. 378
After this, thematic analysis of the FGI transcript reveals seven key factors that affect resource 379 management, which are: (1) poor understanding of project complexity at the tender stage, (2) 380 incomplete survey of the project site, (3) little visibility of resource profile at the tender stage, 381 (4) changes to project schedule, (5) running multiple projects in parallel, (6) shortage of 382 specialised resources, and (7) poor management of client specific authorisations and 383 certifications. A critical factor that contributes to these problems is the poor data management 384 practice of keeping data in silos. As such, big data approaches must be adopted for resource 385 management to allow the integration of huge and diverse data. 386
387
The results of this study have two important implications: first, the proposed solution will 388 improve project management practices in the aspect of minimising resource management 389 problems; thus, reducing margin erosions. Second, the study contributes to industry practices 390 by promoting the awareness of collecting big data for resource management and the importance 391 of effective data integration to avoid data residing in silos. This study promotes the idea that 392 resource management can harness the capabilities of big data analytics to perform efficiently. 393
Big data analytics allows for large amount of unstructured and structured data generated real-394 time or offline from a wide range of sources to be stored and analysed to gain insights from the 395 data (Assuncao et al 2014) . Big data analytics has evidently proven its worth in using its model 396 characteristics; 5Vs (volume, variety, velocity, veracity & value) and its analytical methods 397 (descriptive, prescriptive, predictive). Big data analytics has provided companies with a 398 competitive edge in their respective industries (Drus et al 2017; Bilal et al 2016) and will be 399 key to optimising resource management (Ram, 2015) . Also, big data analytics will help to 400 identify past trends and forecast a resource profile. 401
